INTRODUCTION
I AM very happy to have the opportunity of addressing your Section this evening on a subject with which I have been very intimately concerned for some years, and which is, as you will readily admit, of great importance to all practising surgeons. Not everyone, perhaps, has a detailed knowledge of what catgut really is, how it is prepared and sterilized, and the catastrophes which may and do result from the use of inefficiently sterilized material. It was the occurrence recently in rather rapid succession of a number of such tragedies, cases of post-operative tetanus either certainly or probably due to the use of what I may term "home-cured " catgut, that made me feel that the time had come to make the facts known to surgeons in this country, to point out the difficulties attending the sterilization of catgut, while still ensuring the retention of the physical properties which are so important to those who use it, and to stress the dangers connected with the use of material which has been inefficiently sterilized.
In 1925 an Act was passed, known as the Therapeutic Substances Act, which made it an offence to manufacture or import for sale certain substances set forth in the Schedule to the Act, except under licence from the Minister of Health, and although sterilized surgical catgut was not one of the substances in this Schedule, it was added thereto in 1930, and the conditions to be fulfilled by licensees are laid down in the Therapeutic Substances Regulations, 1931 .
Now it has been one of my duties at the Ministry of Health to supervise the nmanufacture and sale of sterilized surgical ligatures and sutures under the Act and Regulations, whether prepared in this country or manufactured abroad and imported here for sale, and in the course of this work I have inspected every English manufacturer of sterilized surgical catgut and every foreign manufacturer importing this substance into England, with the exception of a few in the United States of America. I have therefore acquired a somewhat detailed knowledge of this subject, but you will appreciate that some of this knowledge is of the nature of "trade secrets," and that I am therefore not at liberty to disclose the details of any particular manufacturer's process except where such details have already been published. I am glad to say that control under the Act has raised very-considerably the standard of sterility of surgical catgut on sale in this country. WHAT IS CATGUT ?
The first question which many of you will wish me answer is "What is catgut ?"
The raw material from which surgical catgut is prepared is the small intestine of the lamb, preferably that of young lambs, but in the course of manufacture (as you will see presently) all the tissues of the intestine, with the exception of the submucosa, are removed. Such a raw material (which is known to the trade as runners ") is obviously heavily infected with micro-organisms of many kinds, including pathogenic anaerobes, so that sterilization becomes a matter of primary importance.
The raw material reaches the manufacturer in various forms, either fresh from the slaughter-house, or preserved by freezing ( fig. 1) , salting, or merely drying on frames in the sun, and a satisfactory sterilized product for surgical use can be and MAR.-SURG. 1 
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Proceedings of the Royal Society of Medicine 36 is prepared from m aterial received in all these forms. The runners, when not worked up at once, are not split open before despatch and are not usually washed through internally, the contents being merely squeezed out by running them between the fingers.
METHODS OF MANUFACTURE
The methods of manufacture employed by different firms differ very widely in detail, but the procedure is, speaking generally, divisible into the following stages:-(1) Soaking.-The raw material on receipt, if not fresh from the slauLghter-house, is either thawed out ( fig. 2 ) (if frozen gut is used) or washed free from salt (if this has been used as a preservative), or soaked in dilute alkali (if the raw material is dried gut) to make it soft and pliable. Even runners which have not been dried usually receive this soaking.
(2) Splitting.-This is the most expert operation in the whole process of manufacture, though to an observer it looks ridiculously simple. It consists in drawing the lumen of the intestine over an ivory point behind which it comes up against the blade of a very sharp knife, which splits it longitudinally ( fig. 3 ). The difficulty consists in splitting the gut into two equal "ribbons," and cutting in a longitudinal direction and not spirally. It is generally considered that it takes about two years to train an operative for this work.
(3) Scraping.-The next operation consists in scraping off the inner and outer layers of the intestine from the "ribbons," leaving only the submucosa ( fig. 4 ). This operation is sometimes performed by hand, but usually a machine is employed which can deal with a large number of "ribbons" at a time. In any case more than one scraping is required to complete the cleaning of the gut. 6 ), that is to say two or more ribbons with string loops fixed to the ends are attached to a hook which is made to revolve rapidly, thus twisting the ribbons together to form a string, the loop at the other end of the gut being, of course, attached to a stationary hook. The number of revolutions is counted by means of a cyclometer or by counting the turns given to the handle of the machine and knowing the gear ratio and so the number of turns made by the revolving hook. The gauge of the finished gut depends upon the number of ribbons spun together, which is never less than two, and to a less extent upon the width of the individual ribbons, the number of times the ribbons are twisted being fixed at the figure found to yield the most satisfactory strings. Sometimes a preliminary sterilizing or inhibiting process is carried out before spinning by soaking the ribbons in a disinfectant solution.
(6) Drying.-The next process consists in drying the strings of gut and this is carried out under tension by means of wooden frames.
(7) Polishing.-The dried strings (which at this stage are identical with violin strings) are then usually polished by means of emery paper, pumice-stone or some other suitable substance. Contrary to what one might expect, there is very little tendency for the polishing material to get into the interstices of the strings.
(8) Grading and gauging.-The strings of catgut are now graded by measuring their calibre by means of a gauge of some kind ( fig. 7 ). It is obviously important that the gauge of any individual string should vary only very slightly at different points in its length and strings in which this variation is greater than the maximum to which the operative is instructed to work are rejected. The different sizes into which the strings are classified, viz. 00, 0, 1, 2, etc., are familiar to all, but it is perhaps worth calling attention to the fact that commercial competition, in which success depends very largely upon the tensile strength of the gut, results from time to time in deviations from or alterations of the standard gauge, so that the No. 0 gut, for instance, of one manufacturer is not necessarily of exactly the same calibre as the No. 0 gut of another maker. process is carried out under tension secured by stretching the strings on metal frames ( fig. 8 ).
This is the end of the pre-sterilization process and the gut must now be sterilized. 
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Sterilization.-I have already referred to the practice of partial sterilization before spinning, which is adopted by certain manufacturers of catgut, but this practice requires further mention here, as gut treated in this way, but not subjected to a sterilizing process after spinning, is often sold as "internally sterile" or " partially sterilized " catgut, and as it is not called "sterilized surgical catgut " or claimed to be ready for surgical use, it does not come under the control established by the Therapeutic Substances Act. Unfortunately purchasers of such "internally sterile" or "partially sterile'" catgut are apt to assume that this product requires less sterilization than ' raw " catgut and some of the wound infections following JA 470 Section of Surgery the use of catgut sterilized by hospitals for their own use are, I believe, directly attributable to this belief, which experiment has shown to be usually quite erroneous.
Coming now to the sterilization of spun gut, the processes employed by different manufacturers differ radically from each other but can be divided into the following categories according to the sterilizing agent employed, viz.: Heat, iodine solutions, mercurial solutions, hydrogen peroxide (either alone or in combination with iodine) and essential oils. I shall only give a very general description of these processes in this place and shall consider their effectiveness later.
(1) Heat.-I think most bacteriologists and manufacturers would admit that heat is the most efficient and reliable agent for sterilizing catgut provided (and here is the whole difficulty) that the physical properties of the catgut can be preserved unimpaired. The heating of catgut rapidly in air to a temperature sufficient to destroy anaerobic spores, if it does not actually burn it, at any rate renders the material hard as wire and extremely brittle. Various means have been devised for overcoming this difficulty and in some cases with complete success, but the attractiveness of this method should not make one accept hastily the claims (to which I shall refer again) made by Clock, and others, that beat sterilization is the only satisfactory method, or make one forget that that there is a temptation to reduce the temperature or time of heating below the safety point if at any time the tensile strength of the finished gut is found to be unsatisfactory. It should also be remembered that gut efficiently sterilized by heat (or by any other process) can be subsequently recontaminated.
(2) Iodine.-Solutions of iodine have been very largely used for the sterilization of catgut, owing to their penetrating power, though this differs considerably according to the solvent employed. Owing to its colour the degree of penetration of iodine solutions can be verified easily by examining a cross section of the catgut, and this gives the manufacturer a feeling of security.
The importance of securing uninterrupted contact of the sterilizing solution (whether iodine or any other chemical is employed) will be obvious, and it is usual, therefore, to exhaust the air in the jars containing the catgut immersed in the solution, so as to remove bubbles of air from the solution which would prevent thorough contact ( fig. 9 ). Another point which requires special attention when iodine solutions are employed is the removal of excess iodine at the end of the sterilizing process as, besides the objection usually entertained by surgeons to a very dark catgut, excess of iodine has in time, as Bulloch showed in 1929 [5], a rotting action on the gut, reducing its tensile strength. The excess iodine is usually removed by means of spirit which should be filtered before use ( fig. 10 ), as commercial spirit (contrary to popular belief) is not necessarily sterile but often contains the spores of anaerobes.
(3) Mercurial soluttions.-Aqueous and alcoholic solutions of mercurial salts, chiefly the perchloride and the biniodide, were among the earliest agents used for the sterilization of catgut and are still employed to a considerable extent. As will be shown later the effectiveness of mercurial salts for this purpose has been greatly overrated, mostly as the result of employing inadequate tests for the sterility of the finished gut. Such solutions are in fact, so far as catgut is concerned, more bacteriostatic than disinfectant, though they undoubtedly have some disinfectant action on the exterior of the catguit and for this reason they are often employed for "filling solutions " (i.e. for filling the containers in which the catgut is offered for sale) even when another process has been used for the actual sterilization of the gut.
(4) Iydrogen peroxide.-Hydrogen peroxide is a most efficient sterilizing agent for catgut, as we shall see later, but owiing to its swelling effect upon spun gut, it is never employed by itself but is generally used for treating,the wet gut as a preliminary to the action of iodine. 
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Section of Surgery 473 their own use, but it is difficult to account for this popularity for, as we shall see later, they have a negligible action on spore-bearing bacteria. One ean only assume that this is another instance of that tendency to accept statements without investigating their truth which is notorious in the case of medical textbooks. Fortunately, commercial manufacturers of sterilized surgical catgut have not, so far as I am aware, shown the same touching faith in the efficacy of essential oils, though some of their other beliefs have, perhaps, been equally unfounded.
Filling.-The next process in the preparation of sterilized surgical catgut is filling, that is to say, the introduction of the sterilized gut into the containers in which it will be sold together with a filling solution (unless the gut is sold in a dry form). This is a most important process as we shall see when we consider the ways in which sterilized gut may become recontaminated. Many different types of container are employed, the principal varieties being sealed glass tubes, glass tubes closed with a rubber cork and metal screw cap, the same but containing several reels of gut of different sizes the ends of which are drawn out through side tubes closed in the manner just described, waxed cardboard cartons containing cocoons of dry gut, and finally multiple sealed paper envelopes each containing a single coil of dry gut usually wound on a " star" composed of vulcanized fibre or some suitable synthetic product.
Catgut put up in any of these forms may pass the tests laid down in the Therapeutic Substances Act, which-and this is important to note only controls catgut as sold and is not concerned with the maintenance of its sterility once the container has been opened by the purchaser. It will, however, be agreed that any packing-which allows of repeated extraction of portions of catgut from the same container must be regarded as highly unsatisfactory. The filling solutions employed are very various and their composition is regarded in many cases as an important trade secret. These solutions often contain a considerable number of different chemicals-on the principle, I suppose, that there is safety in numbers! But, as I have already remarked when speaking of solutions of mercurial salts, filling solutions should only be regarded as useful for killing organisms on the outside of the gut which have got there as a result of bandling, subsequent to the main sterilization process.
Before leaving this subject it should be noted that some manufacturers fill the gut into the containers before sterilizing it. The advantages of this procedure will be referred to later.
Sealing.-The last process of manufacture consists in the sealing of the filled containers, and the only containers to which reference need be made here are sealed glass tubes. Such tubes are sealed in the ordinary way in the flame of a blowpipe ( fig. 11 ), but this process should be carried out with due precautions, which are shown in this photograph and will be referred to later, to prevent recontamination of the contents. Efficient sealing of the tubes is verified, either by examination in a good light or by immersion in some coloured solution.
Labelling.-The Therapeutic Substances Regulations require certain particulars to be shown on the labels of the containers and packages of sterilized surgical ligatures and sutures. There is not time now to go into the details of these requirements and I would merely remark that these particulars are required partly for the purposes of control by the Licensing Authority, but also in order that the surgeon may know what material he is using.
Recontamination of sterilized catgut.-Let us now consider briefly the ways in which catgut may become recontaminated between the completion of the sterilization process, which we will assume to have been efficient, and the sealing of the container or packet.
(1) By handling the catgut, for instance, for the purpose of winding the lengths on slats prior to introducing it into the container. It is for this reason that sterilization of the catgut inside the container is highly desirable as such an arrangement avoids this source of contamination.
(2) By the access of air-borne organisms (either in the form of dust or in (3) By the use of unsterile containers. (4) By the use of unsterile stoppers (such as ordinary or rubber corks) to close the containers between filling and sealing. (5) By the use of unsterile filling solutions. In this connexion it should be noted that even solutions containing so-called antiseptics may provide such a source of contamination if (as we shall see later is sometimes the case) these antiseptics are incapable of killing the spores of anaerobes.
Sterility tests.-The chief purpose of the Therapeutic Substances Act so far as catgut is concerned, is to ensure that the product sold shall be free from pathogenic micro-organisms capable of causing disease or infection when the catgut is introduced into the human body at operation, and in order to ensure such a measure of safety, catgut sold under licence is required to pass certain " sterility -ests." Before discussing these tests I should like to point out that though they are such as to ensure something approaching absolute sterility, yet their object is a purely practical one and one must recognize that the examination of a reasonable length of any individual batch of catgut cannot by itself ensure that the whole of the batch is sterile, as catgut is a solid, not a fluid which can be thoroughly mixed before sampling.
In other words the control of catgut-as indeed of all other substances under the Act-must be based upon the securing of an efficient expert staff, suitable premises, and satisfactory and constant methods of manufacture even more than upon the examination of samples for sterility.
A licensee under the Act is, then, required to carry out sterility tests on not less than one per cent. of the material constituting a batch, the sample being, where practicable, the contents of at least one whole container or packet drawn at random from the whole number of containers or packets constituting the batch.
The sterility tests laid down in the Regulations consist roughly in the following operations:
(1) Opening the container or packet with sterile precautions.
(2) Pouring away the filling solution, placing the whole of the contents (with aseptic precautions) in a large test tube containing sterile distilled water and incubating at 370 C. for twenty-four hours.
(3) Transferring to a tube containing a solution of one per cent. sodium thiosulphate and one per cent. crystallized sodium carbonate in distilled water and incubating for twenty-four hours at 37°C. (this is to remove disinfectants in or on the gut which might, by their bacteriostatic action, interfere with the cultural test).
(4) Removing the whole sample from the last solution, without washing, and examiining it for the presence of micro-organisms by the aerobic and anaerobic methods prescribed.
The latter tests may either be carried out separately on two portions of the sample, the aerobic test in peptone broth, and the anaerobic in nutrient broth to which heat-coagulated muscle has been added, or a combined aerobic and anaerobic test may be used employing nutrient agar. In either case the tubes of culture medium must be incubated for twelve days at 370 C. and examined daily for the growth of bacteria.
The control tests carried out on samples by the Licensing Authority from time to time are, of course, identical with those which the licensee is required to perform as a routine on samples from each batch before issue.
Finally it should be noted that the Licensing Authority is empowered to approve of alternative sterility tests if the licensee can satisfy the Authority that the tests laid down in the Regulations are not suitable for application to his particular product, and that the alternative tests suggested by him are satisfactory.
The efliciency of various sterilizing processes.-A good deal of research work has been done on the sterility of " sterilized surgical catgut " prepared by different methods, but I shall confine myself to a statement of the principal findings of three workers who have recently studied this subject, viz. Dr. R. 0. Clock of New York, Professor T. J. Mackie of Edinburgh, and Professor W. Bulloch and his collaborators, and I shall also refer to some investigations now being carried out by my colleague, Dr. V. D. Allison, at the Ministry of Health's pathological laboratory.
In February 1933, Clock published a paper in Surgery, Gynecology and Obstetrics [1] in which he described investigations extending over two and a half years, and involving the examination of several thousand catgut sutures prepared in his laboratory in various ways from 334 lots of catgut, and of 1,134 catgut sutures belonging to 154 batches of commercial catgut purchased in the open market. Twenty-seven different chemical compounds (including all those used in the preparation of catgut sold in this country under licence) were used for treating the catgut in the laboratory under a wide variety of conditions in an attempt to bring about chemical sterilization, these compounds being applied to catgut ribbons, raw spun gut and artificially infected gut.
From bacteriological examinations of gut sterilized by these different methods, Clock concluded that " heat sterilization properly controlled is the only safe and positive method for sterilizing surgical catgut sutures." He also found that certain chemical methods of sterilizing catgut result in the impregnation of the gut with compounds of such a nature or in such quantities that the methods of removing chemicals from the gut contained in the sterility tests for catgut laid down in the Sixth Schedule to the Therapeutic Substances Regulations, are insufficient to remove such chemicals completely from the gut, so that in the subsequent bacteriological tests prescribed these chemicals exert a bacteriostatic action sufficient to invalidate the tests. Examples of such chemicals are copper and mercury compounds. Whether pathogenic micro-organisms would be able to grow in the human body from such gut in the presence of the chemicals so impregnating it is a question which requires further investigation, and to which I shall refer again.
In a further paper published in December 1934 [2] Clock gives the results of the examination of 1,204 sutures comprising 101 lots and 24 brands, emanating from Great Britain (8 brands), France (4), Germany (6), Japan (2) and Spain (4). Half the sutures were examined chemically to ascertain what chemical treatment they had received and the other half were tested bacteriologically in accordance with the technique employed in his previous investigations, which included the incubation of complete strands both aerobically and anaerobically in tubes of Novy culturemedium for fifteen days after removing all traces of chemicals by appropriate methods. Using this technique, Clock found that 4 out of the 8 brands, and 13 out of the 44 lots of British-made catgut were non-sterile. As regards catgut from other countries: Of the French catgut 1 out of the 4 brands examined and 2 out of 15 lots were non-sterile; of the German 5 out of 6 brands and 18 out of 21 lots; of the two Japanese brands both were unsterile and all the 16 sutures in 2 lots; of the Spanish 2 out of 4 brands and 12 out of 19 lots.
Clock's conclusions were naturally the same as those at which he had arrived from his previous investigations, but it should be remembered that his tests were designed to find out if the gut was absolutely sterile, and they can hardly be regarded as practical tests for everyday control.
We will now turn to Mackie's investigations, which were published in 1928 [3] and 1929 [4] in the form of two reports to the Scottish Board of Health and its successor, the Department of Health for Scotland. These reports are well worth reading in their entirety. They are, as their titles indicate, inquiries into postoperative tetanus, a subject with which I shall deal presently, but I will now only consider Part IV of the first report. In this part are described experiments to determine the resistance of bacterial spores to a large number of physical and chemical agents. The results with 51 different methods are described, but I will confine myself to a few of the most important and interesting. Long exposure (up to seventy-three days) to ethyl alcohol in various forms was found to have little action on bacterial spores. Oil of cloves and oil of eucalyptus were shown (as I have already remarked) to be " practically inert as bactericides for sporing bacteria," spores being viable after 131 days' exposure to these substances. Phenol and lysol were also quite ineffective. Similar results for oil of eucalyptus and phenol and also 476 6I Section of Surgery for oil of turpentine were obtained by Bulloch and his collaborators. Formalin was more effective, exposure to a 2% watery solution for forty minutes preventing tetanus spores from producing tetanus in a guinea pig, though the spores were still viable, but after treatment with a 3% solution for twenty-four hours, the spores were no longer viable. This was a rather better result than that obtained by Bulloch.
Acriflavine and crystal violet brilliant-green mixture were quite ineffective and biniodide of mercury, which was-and unfortunately still is-such a popular disinfectant for catgut in spite of the adverse report of Bulloch in 1929, was unable to kill spores after exposure for eighty-two days to a 1: 1,000 alcoholic solution. As regards perchloride of mercury on which Bulloch reported unfavourably, B. tetani spores survived exposure for twenty-eight days to a 1: 1,000 aqueous solution of this substance, but the addition of hydrochloric acid cut this time down to eleven days. Silver nitrate proved to be very letbal to spores, but as Mackie remarks, it " seems hardly applicable as an agent for sterilizing catgut, owing to the silver impregnation of the gut which results from treatment under ordinary conditions." Boracic acid in saturated solution also proved very effective, but would, I imagine, destroy the physical properties of the catgut. Iodine trichloride in the form of a 1% aqueous solution was "the most effective agent, among those tested by us, for the destruction of bacterial spores," but unfortunately appeared to produce considerable physical alteration in the gut. Eusol (equivalent to a 0*25% solution of hypochlorous acid in water) destroyed tetanus spores in eighteen hours, but B. mesentericus spores survived for forty-one days. A number of different preparations of iodine were tested and iodine-water was shown to be "one of the most effective preparations of uncombined iodine that can be used for sterilizing purposes," B. tetani spores being usually destroyed after from one to two hours' exposure to a 1% solution of iodine in 2% aqueous potassium iodide, though the spores sometimes survived longer and B. mesentericus spores survived for twenty-four hours to six days. This confirms Bulloch's earlier findings. Hydrogen peroxide Was found, as in Bulloch's experiments, to be a very effective agent, destroying B. tetani spores in one hour and B. sporogenes spores (the most resistant) in two and a half hours. Moreover, such short exposure had no deleterious effect upon the physical properties of the catgut, though this was no longer true after exposure for twelve hours or longer. This substance moreover "was just as effective in destroying organisms [including spores] in fresh catgut ribbons and unsterilized strings as in the case of artificially contaminated gut." Finally Mackie tested out a combined hydrogen peroxide + iodine-water method " under factory conditions," and found that if the unspun ribbons were soaked in hydrogen peroxide for twelve hours and the spun strings afterwards treated with iodine water for eight days, the excess iodine being removed at the end of the process by washing in two changes of spirlt, a sterile gut with good physical properties was produced, provided careful attention was paid to certain technical details.
Mackie's experiments to ascertain the effectiveness of heat as a sterilizing process were, unfortunately, very limited in their scope. He first tried sterilization in oil (the kind of oil used is not stated) at 1600 C. for one hour, and found that a certain proportion of the spores of B. mesentericus survived such treatment when they were embedded in the interior of catgut strings, though all were destroyed when on the surface of catgut or silk thread. Mackie therefore concludes that this process does not ensure the complete sterilization of catgut. In his second experiment he heated the catgut in spirit in a Jellett's sterilizer for one and a half hours (in one instance for one hour forty-five minutes) and found that spores of B. tetani and B. mesentericus were viable after this treatment, from which he concludes that such a sterilizing process is ineffective. Intermittent heating in oil, i.e. four separate exposures of one hour's duration each at 130' C. was also tried, but the gut was found to be ruined for surgical use by such repeated heating. It was apparently 47 477 for this reason that more prolonged heating in oil or in the dry was not tried and Mackie mentions that he understands that certain manufacturers have succeeded in employing methods of sterilization in an anhydrous fluid at a temperature exceeding 1600C. without material alteration of the catgut, but he had no details. I can confirm that such methods are used successfully, but I am not, of course, at liberty to reveal the details, which are valuable trade secrets. Mackie also tried the effect of streaming steam, superheated steam, and moist heat, and found these methods more or less effective, but all inapplicable to catgut owing to the destruction of its physical properties. Now the Ministry of Health, as licensing authority, is concerned only with the control of sterilized surgical catgut manufactured for sale or imported and its conformity with the sterility tests laid down in the Therapeutic Substances Regulations, and we are satisfied that these tests, together with inspection, ensure a reasonable margin of safety to the surgeon and his patient. At the same time the researches to which I have just referred, and others which I have not had time to mention, have received our most careful consideration and the question of substituting other sterility tests for those now in use in order to meet such criticisms as have been made is constantly borne in mind by the Ministry. It is true that Allison has lately shown that the use of a more exacting technique-such as the employment of a medium producing tryptic digestion of the gut-will sometimes bring to light the presence of a few viable anaerobic spores, but catgut prepared by certain methods is very resistant to tryptic digestion and the tests laid down in the Regulations are practical tests designed for the purpose of routine control of catgut however prepared.
Such questions as the sterilization of catgut by hospitals (other than those under the control of a Local Authority) for their own use and the preservation of the physical properties of catgut during and after sterilization are outside the province of the Ministry, being the direct concern of your craft, but I venture to think that they are well deserving of your serious consideration, and this view is shared by some of our surgical colleagues with whom we have consulted and who are planning further investigation of these problems.
Physical properties of catgut.-I will now consider very briefly a few points with regard to the physical properties of catgut intended for surgical use.
(1) Tensile strength and flexibility.--These are most important requisites from the surgeon's point of view and I have already remarked that certain sterilization processes tend to reduce them considerably-e.g. the rapid heating of dry catgut and the long-continued action of iodine and of hydrogen peroxide. The evidence, from both the laboratory and the factory, is. however, sufficient to prove that efficient sterilization of catgut is consistent with the preservation of both tensile strength and flexibility if a suitable method of disinfection is employed and certain precautions are taken.
There is great need, however, for research in this direction and there is little doubt that such research, if well designed and efficiently carried out, will be of the greatest advantage both to your craft and to the manufacturers who serve you.
(2) Absorption of catgut in t-he tissues.-In this direction too, research is urgently needed, as at present very little is known about the fate of catgut in the living body and the factors which govern it, though some of Mackie's work on postoperative tetanus throws an interesting light on this problem. Allison's recent work has brought to light the extraordinary variation in resistance to tryptic digestion in vitro of commercial catgut treated by various hardening and sterilizing processes, which confirms the practical experience of many of you that catgut may persist almost unchanged for very long periods in the human body.
Post-operative tetanus.-I now come to the very important subject of postoperative tetanus to which I referred at the beginning of this paper. My remarks must be very brief. Mackie has given an interesting account of this in his two 478 48 Section of Surgery reports, quoting many instances of post-operative tetanus in his own experience and in the literature. His conclusions with regard to the presence of B. tetani in catgut may be summarized as follows:-(1) The presence of B. tetani in the raw material from which catgut is prepared may be irregular and variable.
(2) Only certain batches of any particular commercially "sterilized " catgut may be contaminated.
(3) Bactericidal processes, even if not entirely effective, may still destroy the majority of the spores.
(4) The survivors may be extremely scanty and irregular in their distribution.
(5) If such catgut is used the thickness and amount of the material left in the tissues may be the factors determining multiplication of the tetanus bacillus.
(6) Other factors (including perhaps unknown factors affecting the power of spores to germinate in the tissues) may also play a part in conferring a predisposition to the infection.
Referring to the possibility of auto-infection in tetanus cases. suggested by the fact that the condition has usually followed abdominal or pelvic operations, he points out that the presence of other infections in the neighbourhood has long been recognized as likely to predispose to tetanus infection and that primary sepsis may, therefore, well account for this special relationship of tetanus to abdominal and pelvic operations.
In his second report he gives an account of various experiments designed to discover the different factors favouring the proliferation of B. tetani in the body, these experiments including the introduction into the tissues of animals of B. tetani spores along with catgut; the injection of B. tetani spores along with other organisms naturally present in the alimentary tract and the inoculation of B. tetani spores along with certain foreign substainces and chemical agents. I have no time to consider the results obtained, but before leaving this aspect of the subject I must say a word about certain cases of post-operative tetanus which have lately come to the notice of the Ministry.
These cases are in two groups, one group from a hospital in the north and the other from one in the south.
(1) Northern cases.-Three cases occurred at the hospital in the north. Two of these followed operations for inguinal hernia and the patients recovered; in the third, which followed a nephrectomy, the patient died. The catgut used in all these cases was bought by the hospital raw (i.e. unsterilized) and was " sterilized " at the hospital by boiling for half an hour in xylol and then storing in spirit. None of the catgut actually used in the operations was available for examination, but samples of similar gut were obtained from the hospital and examined at the Ministry of Health laboratory.
These samples, when submitted to the prescribed tests, were found to be heavily infected with both aerobes and spore-bearing anaerobes, but the presence of B. tetani was not demonstrated. Re-examination by anaerobic incubation, using a medium containing 10% trypsin, yielded a growth of B. tetani from one sample of the dry gut and a Gram-positive spore-bearing anaerobic bacillus was also isolated from a spool of the sterilized catgut but proved non-pathogenic for mice. These results showed, therefore, that some of the dry catgut before " sterilization " contained B. tetani and that some of the catgut after sterilization at the hospital was unsterile.
(2) Southern cases.-Four cases occurred at this hospital; two were fatal and in two the patients recovered. The fatal cases followed operations for strangulated inguinal hernia and subacute appendicitis respectively, and the two non-fatal cases followed operations for abdominal carcinoma (? ovarian and proving inoperable) and diverticulitis of the sigmoid colon respectively. Both in the non-fatal cases and in la 479 480 Proceedlings of the Royal Society of Medicine 50 the second fatal case tetanus antitoxin was given on account of the previous occurrence of the first fatal case. Unfortunately the origin of the infection in these Southern cases was not so easy to elucidate, as commercially sterilized catgut, as well as catgut sterilized at the hospital, was employed at operations and no record was kept of the particular kind of catgut used in each individual operation, but with regard to the second fatal case, the theatre sister stated that catgut sterilized at the hospital had probably been employed in that case, and she admitted freely that the same catgut might very well have been used in the other fatal case and one of the non-fatal cases. The method of " sterilization" employed at the hospital was in the case of plain catgut immersion in oil of cloves for fourteen days, followed by storage in absolute alcohol for a minimum of eight days, and in the case of chromicized catgut immersion in a 1: 250 solution of biniodide of mercury in absolute alcohol for eight days.
An attempt was made to ascertain the source of infection in the second fatal case (the first of which the Ministry was aware) by bacteriological examination of postmortem material and specimens of catgut of the two kinds employed, but unfortunately the only specimen which yielded a growth of B. tetani was tissue obtained from the stump of the appendix post mortem. As all the usual aseptic precautions had been taken at the operation, there remain two possible explanations of the infection with tetanus in this second fatal case:-(a) That the tetanus spores were present in the patient's intestine and infected the raw stump of the appendix at or subsequent to the operation.
(b) That the patient acquired her infection from the catgut used at the operation. Against (a) we have the fact that it is necessary to find a common factor for all the four cases of infection at this hospital, and apart from the great improbability of B. tetani being present in the bowel on each occasion, the bowel was not interfered with at all in two of these cases.
In favour of (b) are the bacteriological results just mentioned and the fact that whilst the commercially sterilized catgut, some of which may have been used at the operation, has consistently given negative sterility tests for many years, the methods of sterilization employed at the hospital have been shown experimentally to be quite ineffective in killing B. tetani spores.
Thus, although proof of infection by "home-cured" catgut is lacking in these Southern cases, the weight of the evidence is heavily in favour of such a conclusion.
Such occurrences which, as Mackie and others have shown, are not by any means unique, deserve, I believe, very serious consideration in view of the fact that socalled sterilization methods for catgut similar to those I have just described are still employed by many hospitals in this country. I would therefore appeal to surgeonis throughout the country to inquire carefully into the methods employed for the sterilization of catgut used by them at operations, especially hospital operations, and to bear in mind that though the efficient sterilization of catgut is far from simple, many brands of efficiently sterilized catgut are available and that post-operative tetanus, gas-gangrene, and other serious infections can almost certainly be prevented by the use of such catgut or of catgut sterilized by similar methods.
